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<g) optical mrorrrtatlon record cafrler and the method of producing the same. 



© An optical information record carrier. In the lorm 
of an optical dak. has multiple reflective surfaces 
(12.15), each carrying separate information and ©sen 
readable by an optical beam directed from the same 
stce of ine record carrier. The topmost reflective 
surface (12) reflects light of a first waveband and 
passes light of a second waveband. The next top- 
most reflective layer <15) reflects light within at least 

apart of the second waveband. The record carrier 
may be formed by producing a first reflective layer 
<ia> having a first pit pattern in the surface of a 
2! transparent substrate (11). pressing the first 
^substrate/layer combination to a transparent stamper 
—(13) having a second pit pattern, with a radiation 
^hardening liquid resin (14) therebetween, irradiating 
fOthe resin by applying radiation to the resin through 
—the stamper, peeling off the stamper, applying a 
second reflective layer (15) to the hardened resin 
^surface opposite the surface In contact with the first 
m reflective layer, and applying a protective layer (18) 
to the second reflective layer 
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OPTICAL INFORMATION RECORD CARRIER AND THE METHOD OF PRODUCING THE SAME 



Tr» present invention relates to optical disks, 
eucft as a video disk, a compact disk, etc that 
carries information that can be road by optical 
mBsna, 

An optical disk of the type shown In Figs. 3(a) 
to 3(c) te conventional. Such an optical disk has a 
structure In which metal Is deposited on a transpar- 
ent substrate i by evaporation or sputtering so bo 
to form a metal reflecting layer 2. and a protecting 
layer 3 is formed on the reflecting layer 2- Fin© 
recess and protrusion portions (hereinafter referred 
to as pita) corresponding to signals to be recorded 
are formed on the transparent substrate, and the 
reflecting kyer 2 fe mad© to have the same pit 
pattern, The transparent substrata 1 Is made of a 
transparent resin material such as PMWIA 
(poiymethyl methacrylste), PC (porycarbonate), or 
tho like, by a injection molding method, a compres- 
sion molding method, a t? method, or the Ilka. 

In a manufacturing process for the conventional 
disk, the material for the transparent substrate Is 
injection molded using a stamper having the de- 
sired pit pattern. The desired pit pattern, arranged, 
spirally or concentrically Is thus transferred to a 
main surface of the transparent substrate as shown 
at P in Fig. 3(a). 

Next as shown In Fig. 3(b), the metal reflecting 
layer 2 is formed on the surface of the transparent 
substrate 1 by an evaporation process. Finally, as 
shown In Fig. 3(c), the protecting layer 3, formed of 
a radiation setting resin capable or being hardened 
by radiation such as ultraviolet rays, Is formed on 
the reflecting layer 2, Thus, tho conventional optical 
disk is obtained. 

Although a large quantity of conventional op- 
tical disks have been manufactured through an 
optical disk manufacturing process as described 
above, the conventional optical disks can not suffi- 
ciently satisfy the recent demand to form pits wrth 
higher density so as to make It possible to record 
larger quantities of Information. 

It Is an object of the present Invention to pro- 
vide a high-density optical rnformetion record car* 
rler which has a relatively simple structure and 
which la suitable for mass production through a 
simple process and to provide a method of produc- 
ing such a ra^-deraity optical Information record 
carrier. 

The optical information record carrier according 
to the present invention Is characterized in that a 
piureffiy of reflecting layers respectively having 
reflection-light bands dffiarent from each Other are 
laminated together. 

The method of producing an optical information 
record carrier according to the present Invention is 



characterized In that the method comprises the 
steps cA: 

forming a first reflecting layer on a transparent 
substrate; 

s holding a transparent stamper having radiation 

transmitting property on the first reflecting layer 

through liquid radiation setting resin; 

Irradiating the radiation setting resin with radiation 

from the transparent stamper side; 
10 peeling the transparent stamper from the radiation 

salting resin layer after the racflafflon setting resin 

has hardened; 

forming a second reflecting layer on the hardened 
radioactive-setting resin layer: and 
is laminating a protecting layer on the second reflect- 
tng layer for protecting the second reflecting layer. 

The transparent stamper according to the 
present Invention is characterized in that it Is made 
of glass or plastic having a radiation transmitting 

so property. 

Another optical information recording carrier 
according to the present invention is characterized 
in that a plurality of reflecting layers different In 
reflection-light band from each other are laminated 

2s one on one through transparent layers* 

The optical information record carrier produc- 
ing method is characterized In that the method 
comprises the steps of: forming a first reflecting 
layer on a transparent substrate; holding a trarts- 

30 parent stamper of radiation transmitting property on 
the first reflecting layer through liquid radiation 
setting resin; irradiating the radiation setting resin 
with radiation from the transparent stamper side to 
thereby harden the raolatlon setting resin so as to 

35 form a transparent layer peeling the transparent 
stamper from the transparent layer, forming a sec- 
ond reflecting layer on the transparent layer; and 
laminating a protecting layer on the second reflect- 
ing layer for protecting the reflecting layer, 
40 The transparent stamper aoccrcSng to the 
present invention is characterized In that it Is made 
of glass or plastic having radiation transmitting 
property* 

Another method of producing an optical ln- 
46 formation record carrier according to the present 
invention la characterized in that the method com- 
prises the steps of: forming a first reflecting layer 
having a first reflection Hght band on a transparent 
substrate; holding a stamper on the first reflecting 
so layer through liquid radiation setting resin; irrecSat- 
ing the radiation setting resin with radiation through 
\ha ftet reflecting layer to thereby harden the radi- 
ation setting resin so as to form a transparent layer; 
peewng the stamper from the transparent layer; and 
forming a second reflecting layer having a second 
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reflection tight band which Is different from the first 
reflection light banc*, 
hi the drawings;* 
Bga. 1(a) to 1(g) are sectional views of an 
optical information record carrier showing a method 
according to the present invention ol producing an 
optical information record carrier; 

Hqs. 2(a) to 2(f) are sectional views of an 
optical Information record carrier snowing a method 
accorcflog to a second embodiment of the Invention 
for producing an optical information record carrier; 
and 

F^s. 3{a) to 3(c) are sectional views snowing 
a method of producing a corweTrtJonal optical In- 
formation record carrier. 

As shown in Rg. 1(a). a transparent substrate 
11 carrying first recording pits P1 Is prepared. The 
transparent substrate 11 is farmed conventionally 
by Injection molding a transparent resin, such as 
PMMA, PC. or the like, wring a nickel stamper (not 
shown) on the surface of which pits P1 are ar- 
ranged spirally or concentrically- As a result, the pit 
pattern of the nickel stamper Is transferred onto the 
transparent substrate n as the first pits PI , 

Next, as shown In Hg. 1(b). silicon (SI) is 
evaporated onto the surface of the substrate 1 1 
carrying the pits PI by use of a vacuum evapora- 
tion apparatus so as to form a reflecting layer 12. 
thus, the first reflecting layer 12 of si Boon is 
formed on the transparent substrate 1 1 . 

Thea a transparent stamper 13 is prepared by 
conventional methods and mounted on a conven- 
tional transfer apparatus. The transparent b tamper 
13 is made of glass or plastic having a radiation 
transmitting property so as to be able to transmit 
fight In a wavelength band necessary to harden a 
radiation setting resin 14 which Is to be applied In 
the following step. The transparent stamper 13 has 
second recording pits P2 arranged spirally or con- 
centrically on the surface thereof. The transparent 
stamper 13 is mounted on the transfer apparatus 
with the pit surface facing upward as shown in Fig. 
1(c). 

Next as shown In Fig. 1(c). a RquJd racfiation 
setting resin 14 is fed onto the pit surface of the 
transparent stamper 13, The craneparBnt substrate 
11 ie than placed on the pit surface of the transpar- 
ent stamper 13 through the liquid radiation setting 
resin 14 wtth the first reflecting layer 12 of the 
transparent substrate 11 teeing downward. As a 
result, the relation setting resin 14 win be held 
between the first reflecting layer 1 a and the trans- 
parent stamper 13 (Fig. 1(d)). 

While in the state shown in Fig. 1(d), the first 
reflecting layer 12 is irradiated wtth farJatlon from 
the transparent stamper 13 side, that is. from the 
underside in the drawing, so as to harden the 
redlatton setting resin 14v As a result, the hardened 



resin will conform Its lower side to ihe pattern of 
second pits P2, 

After the radiation setting resin has been har- 
dened, the transparent stamper 13 IS peeled off 
a from the layer of the radtatlon setting refiin 14. as 
shown In Fig. 1(0). 

Thereafter, as shown in Fig, 1(f). aluminum (Al> 
Is evaporated onto the pits PZ carrying surface of 
the radiation sotting resin 14 to thereby form a 
r 9 reflecting layer 15. Thus, the second reflecting 
layer 16 of aluminum is formed so as to be lami- 
nated on the radiation setting resin 14. 

Finally, as shown in Fig, 1(g), a protecting layer 
18 of a radiation setting resin Is laminated onto the 
is second reflecting layer 15 In order to protect the 
second reflecting layer 15, thereby obtaining an 
optical disk hflvfcng a lamination of first and second 
reflecting layers 12 and 15 which differ from one 
another in their respective reflection light bands, 
so By selecting the materials of the two reflecting 
layers to have different reflection light bands, the 
two pit patterns may be read separately by optical 
beams of different wavelength. For example, flgtrt 
which will reflect from one of the reflecting layera 
25 will pass through the other reflecting layer 

hi the specific embodiment disclosed above, 
the first reflecting layer 12 le made of silicon. A 
light beam of 400 rrm wavelength directed from the 
top of the laminated layer will be reflected by the 
30 layer 12, and thereby will carry the information of 
pit pattern PI. The second reflecting layer of the 
above erribodiment is aluminum. A Rght beam of 
not less than 8QO nm wavelength directed from the 
top of the laminated layers will pass through the 
95 first reflecting layer 12 and be reflected by the 
second reflecting layer 15. and thereby win carry 
the rrriormatlon of pK pattern P2. 

Thus t by use of different materials tor forming 
ihe reflecting layers, the reflecting layers ere made 
40 to be different in reflection Dght band from each 
other. Further, by adjusting the thickness of the 
first and second reflecting layera 12 and 15 in the 
evaporation step or tn the sputtering step, It is 
possible to make the layers different from each 
4$ other In light transmitting property. 

Further, the steps shown in Figs. 1(a) to 1(f) 
may be repeated by use of reflecting-layer materi- 
als which are different in reflection light band from 
each other, so that an optical disk having two or 
so more reflecting layers can be obtained, 

A second embodiment of the Invention is 
shown in Figs. 2(a) to 2(f), First as shown In Fig. 2* 
(a), a transparent substrate 11 carrying first r ecord* 
jng pits Pi la prepared. The transparent substrate 
58 1 1 is the same as that In the first embodiment 

Next, a dielectric multMayer refl ecting layer le 
formed on the surface of the substrate 11, As 
shown In Rg. 2(b), a first reflecting layer ia having 
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a first reflection Hgtit band Is formed on the trans- 
parent substrate 11. The firm reflecting layer is a 
Dielectric multilayer reacting layer which reflects 
light trf 800 nm while allowing light of other 
wavelengths, lor example, not more than 600 nm, 
to pass therethrough. 

A stamper 13 having second recording pits 
arranged spirally or concentrically on the surface 
thereof is mounted on a transfer apparatus with the 
pit surface facing upward as shown In Fig. 2(c). 

As shown in Rg, 2(c), a liquid radiation setting 
resin 1 4 js applied to the pit surface of the stamper 
13. 

The transparent substrate 11 is then mounted 
on the pit surface of the stamper 13 through the 
liquid radiation setting resin 1* with the first reflect- 
ing layer 12 of the transparent substrate 11 facing 
downward. Thus, the radiation sotting resin 14 is 
held between the first reflecting layer 12 and' the 
stamper 13 (Rg*2<d)). 

While held In the state shown In Fig. 2(d)» the 
first reflecting layer 12 Is Irradiated with reflation 
from the transparent substrate 11 side, that & from 
the upper side In the drawing, so as to harden the 
radiation setting resin 14 to thereby form a trans- 
parent layer, Tnua, the pits arranged on the stamp- 
er 13 are transferred as second pits P2 onto the 
transparent layer 14 of the hardened radiation set- 
ting resin. 

As shown in Fig. 2(e). after the radiation setting 
nsstn has been hardened, the stamper 13 is peeled 
off from the transparent layer 14 of the radiation 
setting resin. 

As shown in Rg. 2(f), a dielectric multi-layer 
reflecting layer is la formed on the pits P2 carrying 
surface of the radiation setting resin 14 by use of 
me vacuum evaporation apparatus. Thus, the sec- 
ond reflecting layer 15 having a second reflection 
light band is formed as a lamination on the radi- 
ation setting resin 14. The second reflecting layer 
ia a dielectric multMayer reflecting layer which re- 
flects laser Dght having a wavelength different from 
that of the first reflecting layer and allows light 
having the other wavelength to transmit thereth- 
rough. 

The steps Of Figs. 2(c) to 2(f) may be repeated, 
thereby obtaining an optical disk having more than 
two roflscting layers. A protecting layer IB of radi- 
ation setting resin Is laminated on the last reflecting 
layer in order to protect the last reflecting taysr. 
thereby obtaining an optical disk having laminations 
of multiple reflecting layers which are drfferent from 
each other in reflection fight band. 

By suitably selecting wavelengths reflected on 
respective reflecting layers, it Is possible bo lami- 
nae a number of reflecting layers and transparent 
layers. 

It is possible to make me dielectric multi-layer 



reflecting layer have a narrow reflection Bght band 
by alternately laminating V4 films of a high- 
refractive -index material such as FbOa. 2r02, TlOa, 
or the (ike and a low-refractJve-Index material such 
s as SKfe. MgFa, AfeOs, or the tike. Further. It is 
possible to make the reflection light selectivity high 
by suitably shifting the film thicknesses of the 
respective films of the reflecting layer or by com- 
bining two or threa reflection light bands on the 
10 same plane. 

si this embodiment, fight having a wavelength, 
for example, 900 nm, sufficiently reflected by the 
first reflecting layer is used when the pits PI on the 
first reflecting layer are read, while light having a 
r$ wavelength, for example, 500 nm, which can be 
transmitted through the first reflecting layer and 
can be reflected by the second reflecting layer. Is 
used when the pits P2 on the second reflecting 
layer are mad. Thus, the second embodiment of 
zo the optical disk having a structure tn which the 
reflecting layers differ from each other in reflection 
light band are laminated one on one, is character- 
ized in that it is made possible to produce the 
foregoing optical disk by means of an ordinary non 
as transparent stamper by using, as a reflecting layer, 
a dielectric layer which can sufficiently transmit 
radiation having a wavelength band in which a 
radiation setting ream can be hardened. 

As described above, according to the present 
30 invention, since a pluraffly of the reflection layers 
which differ In their respective reflection Ught bands 
from each other are laminated. It la possible to 
obtain an optical Information record carrier which is ■ 
Improved in recording density, 
as Further, according to the present invention, a 
transparent stamper having radiation transmitting 
property Is used and radiation setting resin is irra- 
tfiated with radiation from the transparent stamper 
side so as to harden the radiation setting resrn. 
40 Accordingly, it is possible to obtain an optical in- 
formation record carrier having a plurality of reflect- 
ing layers which are laminated > that is, it ia possible 
to make an optical Information record carrier have 
a large capacity, 
4$ tt will be bp parent to those of ordinary skill In 
the art that the teachings herein can be treed to 
provide an optical Information record carrier having 
multiple reflective surfaces that oan be read by 
optical beams directed from the same side of the 
so record carrier, and that the Invention is not lbmlted 
to either the specific materials described above or 
the specific number of reffecfrve layers described 
above. 

SB 

Claims 

1. An optical Information record carrier of the 
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type which is read by directing an optical 
tow ard$ one surface thereof, the record carrier 
comprising: . 
a plurality of reflective layer* (12.15) of differing 
optical reflective properties laminated together; 
each d the reflective layers containing a pattern of 
information thereon readable by an optical beam; 
and 

the reflective layer (12) closest to the one surface 
being transmisslve to tight of an optical wavelength 
to which another (15) of the reflective layers is 
reflective. 

2. A record carrier according to claim 1. 
wherein each of the reflective layers naa a pit 
pattern representing Information thereon. 

3. A record carrier according to claim 1 or 
claim" 2, wherein the first reflecting layer (12) la 
silicon and another reflecting layer (15) is alumin- 
ium. 

4. A record carrier according to any of claims 1 
to 3, wherein the laminated structure Including the 
reflective, layers comprises in the following order 
from the one surface, a transparent substrate (11), 
the first reflective layer (12), a radiation hardened 
resin <1$), a second reflective layer (15), and a 
protective layer (16). 

5. A record carrier according to claim 1. claim 
a or daim 4. wherein the rellactlve layers are multi- 
layered dielectric refiecting layers haying a. narrow 
reflection light band/ 

a An optical Information record carrier com- 
prising a plurality of reflecting layers (12,15), re- 
spectively having reflection light bands different 
from each other, laminated to one another. 

7, A record carrier according to claim 6> 
wherem each of the reflecting layers has fine re- 
cesses and protrusions. 

a A record carrier according to claim 8 or 
claim 7, further comprising a plurality of transpar- 
ent layers (11,14), ono Interposed between adja- 
cent ones of the reflecting layers. 

9. A record carrier according to daim 7 or 
claim 8, wherein at least one of the reflecting 
layers comprises a two-reflectlng-iayer structure In 
which one of the two reflecting layers is made of 
sfficon and the other is made of aluminium. 

10. A record carrier according to daim 8, 
wherein the transparent layers (11,14) comprise 
radiation setting resin, the reflecting layers (12*13) 
allowing radiation for hardening the radiation setting 
resin to pass therethrough. 

11. A record carrier according to any of claims 
3 to 10, wherein the reflecting layers comprise 
dielectric muttHeyer films. 

12. A record carrier according to claim 8 or 
claim 1 1 , wherein each of the transparent layers 
has tin* recesses and protruaione. 

13. A method of producing an optical Informa- 



tion record carrier comprising the steps of: 
forming a first reflecting layer (12) on a transparent 
substrate (11); 

holding a transparent stamper (13) having radiation 
5 transmitting property on the first reflecting layer 

(12) through a liquid radiation setting resin (14); 

irradiating the radiation setting resin with radiation 

from the transparent stamper side: 

peeling off the transparent stamper from the red" 
id atlon setting resin layer after It has hardened; 

forming a second reflecting layer <1S) on the har- 
dened resin layer; and 

laminating a protective layer (16) on to the second 
reflecting layer to protect the second reflecting 

14. A method according to claim 13, wnerein 
each of the first and second reflecting layers has 
fine recess and protrusion portions. 

15. A method according to claim 13 or claim 
so 1 4, wherein the first reflecting layer (12) is made of 

silicon andd the second reflecting layer (15) is 
made of aluminium. 

16. A method according to claim 13 or claim 
14. wherein the first and second reflecting layera 

as are made of multl-iayer dielectric films. 

17. A methcd according to any of claims 13 to 
16. wherein the transparent stamper is made of 
glass or plastics having a radiation transmitting 

property* t ^ _ 

30 ia A method of producing an optical informa- 
tion record carrier comprising the stops of: 
forming a first reflecting layer (12) having a first 
reflection light band on a transparent substrate 

os holing a stamper (13) on the first reflecting layer 
through a liquid radiation setting resin (I4)r, 
irradiating the radiation setting resin with radiation 
through the first reflecting layer (12) to harden the 
radiation setting resin so as to form a transparent 

40 layer: 

peeling off the stamper from the transparent layer, 
and 

forming a second reflecting layer (15) on the trans- 
parent layer, the second reflecting layer having a 
4* second reflection light band which Is different from 
the first reflection light band. 

19. A method according to claim 18, wherein 
each of the reflecting layers and the transparent 
layer has firm recess and protruston portions. 
bo 20. A method according to claim 18 or claim 
Id, wherein each of the first and second reflecting 
layers Is constituted by a dietectnc multilayer film. 
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